Background: gestational diabetes is a precursor to type 2 diabetes. little is known about the relation of other common pregnancy complications, such as preterm birth, to risk of type 2 diabetes. Methods: We assessed preterm birth in relation to incident type 2 diabetes among 31,101 participants from the Black Women's Health Study. Preterm birth, defined as <37 weeks gestation, was reported at baseline (1995) and on subsequent biennial follow-up questionnaires. Self-reported type 2 diabetes diagnoses were ascertained on biennial questionnaires through 2009. We used cox proportional hazards models to calculate incidence rate ratios (irrs) and 95% confidence intervals (cis), adjusting for potential confounders. Results: at baseline, 5162 participants (19%) reported a history of giving birth preterm, of which 16% occurred at <32 weeks gestation. a total of 3261 cases of type 2 diabetes were ascertained during follow-up. ever having had a preterm birth was associated with a 20% increased risk (95% ci = 1.11-1.31) after adjusting for age at first birth, family history of diabetes, education, respondent having been born preterm, and body mass index. gestational age <32 weeks was associated with the greatest risk (irr = 1.27 [95% ci = 1.06-1.51]). among women without a history of gestational diabetes, the irr for type 2 diabetes among women who ever had a preterm birth was 1.17 (1.07-1.28). Conclusion: Preterm birth was associated with an increased type 2 diabetes risk in black mothers, independent of gestational diabetes.
A growing body of evidence suggests that pregnancy complications may signal future chronic disease risk in mothers. [1] [2] [3] [4] [5] For example, it is well-known that gestational diabetes is a precursor of type 2 diabetes 6, 7 ; 50%-70% of women experiencing this pregnancy complication go on to develop type 2 diabetes. 8 interventions after a pregnancy complicated by gestational diabetes (such as weight reduction) have led to a substantial decrease in future development of type 2 diabetes. 6, [9] [10] [11] [12] thus, evaluation of the association between other common pregnancy complications and type 2 diabetes risk is warranted, especially among black women, as they have one of the highest rates of type 2 diabetes in the United States. 13 a pregnancy complication that is of particular concern for black women is preterm birth, which affects up to 17% of pregnancies in this racial group. [14] [15] [16] in fact, black women are almost twice as likely to experience a preterm birth compared with white women. 17 Preterm birth and type 2 diabetes share several underlying risk factors, including higher levels of certain inflammatory markers, such as tumor necrosis factor-α and interleukin-1β. [16] [17] [18] these shared factors suggest that preterm birth may be a signal for elevated inflammatory markers and possibly future development of type 2 diabetes in some women.
given that black women have a higher prevalence of both preterm birth and type 2 diabetes, [14] [15] [16] [17] we evaluated the association between this pregnancy complication and type 2 diabetes in black mothers. this study was conducted in a large cohort of black women participating in the Black Women's Health Study. We accounted for a number of potential confounders, including maternal age, education, and body size. although the association of preterm birth with type 2 diabetes has been explored in predominantly white populations, 3, 4 to our knowledge, it has not been evaluated in black women. if an appreciable association is found, targeted interventions among black women experiencing a preterm birth could lead to a decrease in risk of type 2 diabetes.
METHODS

Study Population
Study participants were from the Black Women's Health Study, a prospective cohort study of 59,000 african-american women who were 21 to 69 years of age at baseline (1995 We excluded women who were nulliparous at baseline and remained nulliparous throughout follow-up (n = 15,741) and women who were lost to follow-up after 1997 (n = 3,999). We also excluded women with missing or inconsistent preterm birth data (n = 5,353); these women were slightly older and less educated than included women. to ensure that type 2 diabetes diagnosis did not precede preterm birth, we excluded women who were diagnosed with type 2 diabetes before 1995 (n = 2,807). the analytic population consisted of 31,101 women.
Assessment of Preterm Birth
On the 1997 questionnaire, women were asked if, before 1995, they had ever given birth to a child 3 or more weeks before the due date, and if so, how much earlier: 3, 4, 5, 6, 7, 8, 9, or ≥10 weeks. if women had more than 1 preterm birth, they were asked to report on the birth that was most preterm. On the 1997 follow-up questionnaire and on the 1999, 2001, and 2003 questionnaires, women were asked whether they had given birth to a live born or stillborn child in the past 2 years. if women responded yes, they were asked if a doctor said that this child was born at least 3 weeks early and how early (using the aforementioned categories). a validation study of preterm birth among a subset of participants who delivered in Massachusetts, based on registry data from Massachusetts Department of Public Health, showed high validity for self-report of preterm birth (>90% of respondents reporting <3 weeks gestation had a preterm birth documented by state birth registry data). 20 We evaluated preterm birth as "ever" having had a preterm birth versus "never" having had a preterm birth and also assessed gestational age as <32 weeks, 32-34 weeks, and 35-36 weeks.
Case Definition
On each follow-up questionnaire, women were asked if a doctor had diagnosed diabetes within the last 2 years. in a validation analysis of the Black Women's Health Study, self-report of diabetes as an indicator of type 2 diabetes was highly accurate: 96% of self-reports for which medical record data were obtained were confirmed. 21 a total of 3261 women received a first diagnosis of type 2 diabetes during follow-up.
Assessment of Covariates
We evaluated the following as potential confounders: age at first birth (<20, 20-24, ≥25 years), education (<12, 13-15, ≥16 years), and body mass index (BMi, weight in kg divided by height in meters squared, at 18 years: <20, 20-24, ≥25). We also assessed postpregnancy BMi (<25, 25-29, ≥30), which was BMi after pregnancy, before the end of follow-up for women who did not develop type 2 diabetes and date of diagnosis of type 2 diabetes for those who developed type 2 diabetes. Selfreported weight and height were previously validated in the Black Women's Health Study, with Spearman correlations for weight and height being 0.93 and 0.97 for self-report versus technician measures. 22, 23 We also assessed smoking status (ever, never), place of birth (foreign-born, US-born), if the participant had been born preterm (yes, no), if she had a family history of diabetes (yes, no), and if she ever had gestational diabetes (yes, no). Participants also provided information on hypertensive disorders of pregnancy, which was defined as a positive response to any of the following questions: (1) all women were asked about high blood pressure during pregnancy on the 1997 and 1999 questionnaires, (2) 
Data Analysis
Participants contributed person-time from baseline in 1995 (if already parous) or the questionnaire cycle during which they first became parous until self-report of incident type 2 diabetes, loss to follow-up, or the end of follow-up in 2009, whichever came first. Women who had a preterm birth after 1995 were censored if the occurrence of incident type 2 diabetes during follow-up preceded the preterm birth. We evaluated the association between preterm birth and incident type 2 diabetes using cox proportional hazards models to calculate incidence rate ratios (irrs) and 95% confidence intervals (cis). We posited that age at first birth, family history of diabetes, education, respondent being born preterm, BMi at age 18 years, and place of birth were potential confounders. each potential confounder was added to a model containing preterm birth as an exposure; if the log of the incidence rate ratio for preterm birth changed by more than 10%, then we included it in our final models. Final model 1 adjusted for age, and final model 2 adjusted for age, age at first birth, family history of diabetes, BMi at age 18 years, education, and respondent having been born preterm. in a further model, we adjusted for postpregnancy BMi, as defined above.
We hypothesized that having a preterm birth would be associated with earlier onset of type 2 diabetes, and we conducted a stratified analysis by age at baseline to evaluate this hypothesis (<50 years vs. ≥50 years). Furthermore, we conducted a stratified analysis by postpregnancy BMi (<25, 25-<30, ≥30) to determine whether the association between preterm birth and type 2 diabetes differed by BMi status. We tested for interactions among age, preterm birth, and type 2 diabetes, as well as postpregnancy BMi, preterm birth, and type 2 diabetes, by including an interaction term in our fully adjusted models. Because gestational diabetes is one of the strongest risk factors for developing type 2 diabetes, 7, 24 we conducted a restricted analysis for the association between preterm birth and type 2 diabetes among women without a history of gestational diabetes. We also conducted an analysis among women who had not reported hypertensive disorders of pregnancy, which is an established risk factor for type 2 diabetes and is associated with preterm birth. 25 Finally, we calculated rate differences, first adjusting for age at baseline only and then adjusting for age at baseline, age at first birth, BMi at age 18 years, education, family history of diabetes, and respondent having been born preterm (fully adjusted). to calculate rate differences and 95% confidence intervals, we fit a Poisson model with offset using a nonlinear function of the model parameters (PrOc nlMiXeD). all analyses were conducted using SaS 9.3 (cary, nc).
RESULTS
table 1 provides baseline characteristics of the study population by preterm birth history at baseline. a total of 20% of the population in 1995 reported ever having had a preterm birth, with 16% of these being at <32 weeks. Women who had experienced a preterm birth were younger at the age of their first birth, more likely to have a family history of type 2 diabetes, and have lower educational attainment. Women with a preterm birth were also more likely to report having been born preterm and to have experienced a pregnancy complicated by gestational diabetes. a total of 3261 women were diagnosed with type 2 diabetes between 1995 and 2009. the median age at diagnosis was 52 years (standard deviation = 10.0), and the age range was 25-83 years of age.
Preterm Birth and Type 2 Diabetes
in the age-adjusted model (table 2) , women with a history of preterm birth had a 24% increased risk of developing type 2 diabetes (age-adjusted 95% ci = 1.14-1.34). after adjusting for prepregnancy factors (model 2), the association was slightly attenuated (fully adjusted irr = 1.20 [95% ci = 1.11-1.31]). the addition of postpregnancy BMi also attenuated the association slightly (fully adjusted irr = 1.17 [1.05-1.30]). type 2 diabetes was inversely associated with gestational age, with the highest risk for gestational age of <32 weeks (age-adjusted irr = 1.32 [1.10-1.58]). adjustments for potential confounders (model 2) slightly attenuated the estimates. in terms of rate differences, after full adjustment 108/100,000 excess cases of type 2 diabetes occurred in women who had experienced a preterm birth compared with women who had never experienced a preterm birth (fully adjusted 95% ci = 60/100,000-155/100,000). after full adjustment, women with a gestation length <32 weeks had 130/100,000 excess cases of type 2 diabetes compared with women who had never had a preterm birth (95% ci = 21/100,000-239/100,000). Postpregnancy BMI   table 3 presents associations between preterm birth and type 2 diabetes stratified by age at baseline and postpregnancy BMi. there was a suggestion of an interaction between age at baseline and preterm birth, with a slightly stronger association between preterm birth and type 2 diabetes among women <50 years of age at baseline (fully adjusted irr = 1.29 [95% ci = 1.14-1.45]) compared with women ≥50 years of age at baseline (1.13 [1.01-1.27]) (test for interaction, P = 0.09). there were associations of preterm birth with increased type 2 diabetes risk within all categories of postpregnancy BMi; postpregnancy BMi did not interact with preterm birth and type 2 diabetes. BMi indicates body mass index.
Preterm Birth and Type 2 Diabetes by Age and
Preterm Birth, Type 2 Diabetes, and Other Pregnancy Complications
among women without gestational diabetes, the fully adjusted incidence rate ratio for the association of preterm birth with type 2 diabetes was 1.17 (95% ci = 1.07-1.28); there was no evidence of a trend across decreasing length of gestation (table 4) . among women without hypertensive disorders of pregnancy, the fully adjusted irr for the association of preterm birth with type 2 diabetes was 1.22 (1.11-1.34) (table 4); the adjusted irr was highest for <32 weeks gestation (1.25 [1.02-1.54]).
Preterm Birth and Type 2 Diabetes-A Sensitivity Analysis
We conducted a sensitivity analysis among 8601 women who delivered an infant during the follow-up period of the study. among this subset, 1745 women (20%) delivered a preterm birth and 531 women (6%) reported a subsequent diagnosis of type 2 diabetes. a total of 134 (7%) women who delivered preterm after 1995 were subsequently diagnosed with type 2 diabetes. after full adjustment, ever having had a preterm birth was associated with a 29% increased risk of type 2 diabetes (95% ci = 1.05-1.57). the strongest association was for women who experienced a gestation length <32 weeks; these women had a 55% increased risk of type 2 diabetes (1.09-2.18).
We further restricted to 3888 women who were nulliparous at baseline (1995) and delivered during study follow-up. Because of small numbers of women with both preterm birth and type 2 diabetes in this subgroup (n = 62), we evaluated crude associations. relative to term birth, there was a 51% increased risk of type 2 diabetes for women who ever delivered preterm (95% ci = 1.01-2.25); for women delivering an infant at <32, 32-34, and 35-36 weeks, we found increases of 34% (0.67-2.66), 84% (0.80-4.22), and 52% (0.90-2.55), respectively.
DISCUSSION
in this study of black women, preterm birth was associated with increased risk of type 2 diabetes, with risk increasing as gestational age decreased in the overall study population. controlling for prepregnancy and postpregnancy factors did little to alter these associations. the strongest association was found among women who delivered at <32 weeks gestation, with an approximately 30% increased risk of type 2 diabetes. in addition, there was a suggestion of a stronger association for women experiencing a preterm birth who were younger at baseline. Finally, preterm birth was associated with an increased risk of type 2 diabetes among women who had not experienced gestational diabetes or hypertensive disorders of pregnancy, suggesting that preterm birth is an independent risk factor for type 2 diabetes. in a previous cohort study of preterm birth and type 2 diabetes risk conducted in Denmark by lykke et al, 5 preterm birth was associated with a 2-fold increased risk of type 2 diabetes, with increasing risk for shorter gestational age. in a small cohort study conducted in women delivering at a single hospital in Pittsburgh, catov et al 2 found that having a preterm birth conferred a 2-fold increased risk of metabolic syndrome. in a recently published study of a predominantly white population of US nurses, preterm birth was associated with an increased risk of type 2 diabetes, with an increase of 34% for births ≤32 weeks compared with 27% in the present study for <32 weeks.
3 a possible reason for the weaker associations between preterm birth and type 2 diabetes in the present study compared with previous studies 2, 3, 5 is that the underlying incidence of type 2 diabetes is higher in black women. 13, 26 in addition, women diagnosed with type 2 diabetes before 1995 were excluded from the study. if preterm birth confers a stronger risk of type 2 diabetes for women who would develop this disease in a shorter time interval, then exclusion of this group of women could result in an attenuated association between preterm birth and type 2 diabetes. the mechanism by which preterm birth may increase the risk of type 2 diabetes could be through the shared pathway of inflammation. [27] [28] [29] [30] [31] [32] Women who experience a preterm birth may have underlying chronic low-grade inflammation, signaling future risk of type 2 diabetes. 28, 31, 33, 34 Black women have higher inflammatory marker levels, suggesting more chronic inflammation. 16, 34 High levels of chronic inflammation could be one of the reasons for the higher prevalence of preterm birth among this group. the fact that associations between preterm birth and type 2 diabetes held even among women without gestational diabetes or hypertensive disorders of pregnancy suggests that preterm birth may be another indicator of vascular dysfunction. associations held even among overweight and obese women and control for BMi explained only a small part of the association of preterm birth with increased risk of type 2 diabetes, which suggests that a mechanism other than weight gain or obesity is involved.
the present study has several limitations. We were unable to date a woman's preterm birth if she delivered before 1995, and we excluded all women who developed type 2 diabetes before 1995. in a sensitivity analysis among the subset of women who delivered during the follow-up period (after 1995), we found stronger associations of preterm birth with type 2 diabetes than in the overall analysis, suggesting that associations in the overall study might be attenuated. Women who experienced a preterm birth may more frequently interact with the healthcare system, leading to more opportunity to receive a type 2 diabetes diagnosis. However, we might also expect this level of detection bias to be operating among women with a history of gestational diabetes or hypertensive disorders of pregnancy, yet in an analysis among women without these conditions; we found similar associations as that in our overall population. We had no validation data on history of gestational diabetes or hypertensive disorders of pregnancy. in the nurses' Health Study, gestational diabetes was reported with adequate accuracy, 35 but the relevance of that finding to the present study is uncertain. Parous women with missing data on births, who were older and less educated than the included women, were excluded from our analysis. these women may have been at higher risk of type 2 diabetes, and their exclusion may have led to underestimation of the association with preterm birth. the study has several strengths. We assessed a population at high risk of both preterm birth and type 2 diabetesblack women. We were able to evaluate gestational age, not just ever having had a preterm birth. We controlled for a variety of prepregnancy and postpregnancy factors. We also assessed the association between preterm birth and type 2 diabetes by restricting to women without a history of gestational diabetes or hypertensive disorders of pregnancy, in order to determine the extent to which preterm birth still affected type 2 diabetes risk. Furthermore, both preterm birth and type 2 diabetes are well-validated in our study population. 20, 21 in conclusion, having had a preterm birth was associated with an increased incidence of type 2 diabetes among black women, with the greatest increase among women experiencing a preterm birth of <32 weeks. there was a suggestion of a stronger association among younger black women, which may indicate preterm birth is associated with earlier onset of the disease. given that black women are disproportionately impacted by both preterm birth [14] [15] [16] 36 and type 2 diabetes, 13 further research is needed to evaluate this association and to determine whether black women who experience a preterm birth could benefit from clinical or lifestyle interventions to reduce future risk of type 2 diabetes. 
